In axenic medium with TEM-4T (a tartaric acid ester of beef tallow monoglyceride) as a source of fatty acids, regulation of the growth of Paramecium aurelia, stock 299, was achieved by varying the relative amounts of TEM-4T and stigmasterol. Optimal populations were reached in 7 days at 27' when the relative proportion of these lipids was 10 : I (w/w) TEM-4T : stigmasterol. Division was inhibited at ratios of 2: I (wiw) or less. The inhibition was annulled by restoration of the ' optimal ' ratios of TEM-4T : stigmasterol to the growth medium even after the protozoa had been exposed to 'inhibitory' ratios for periods up to 6 days. Growth was also inhibited when the relative proportions of TEM-4T : stigmasterol were adjusted to 2 : I (w/w) by the addition of TEM-4T to the culture after a 3-day period during which the organisms had been incubated with stigmasterol alone. No inhibition was observed when the TEM-4T: stigmasterol ratio was adjusted to 2 : I (wlw) by adding stigmasterol to the culture after a period of incubation with TEM-4T alone. It is suggested that under conditions of lipid imbalance in the medium stigmasterol interferes with the utilization of TEM-4T for growth.
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I N T R O D U C T I O N
Paramecium aurelia requires both a sterol and a fatty acid for growth. The sterol requirement may be satisfied by stigmasterol and other structurally related sterols (Conner, van Wagtendonk & Miller, 1953; Conner & van Wagtendonk, 1955) ; the need for fatty acids may be met by oleic acid or any of a number of oleic acid-containing lipids, i.e. phospholipids, glycerides, Tweens and TEM's (tartaric acid esters of beef tallow monoglycerides ; Miller & Johnson, 1960; Soldo, Godoy & van Wagtendonk, 1966a) . A s water dispersible sources of fatty acids, the TEM's are particularly effective in promoting growth and have gained increased application in the formulation of culture media for fastidious lipid-requiring micro-organisms (Shorb & Lund, 1959 ; Vogel & Hutner, 1961 ; Lee et al. 1962) . When one of these substances, TEM-4TY was used as a source of fatty acids for the cultivation of P. aurelia, it was observed that regulation of growth could be achieved by altering the relative concentrations of TEM-4T and stigmasterol in the medium. Optimal growth, as measured by population density, was obtained at certain definite non-stoichiometric ratios of TEM-4T : stigmasterol, and division was arrested when these compounds were present in certain other proportions. The unusual nature of this response led us to a more detailed examination of this phenomenon. A preliminary account of this work has been published (Soldo, Godoy & van Wagtendonk, 19663) .
Paramecium aurelia stock 299 (particle-free) was used in this work. The composition of the growth medium is given in Table I . Details of the culture procedures have been described previously (Soldo et al. 1966a) . TEM-4T was obtained from the Hachmeister Corporation, Pittsburgh, Pa. ; stigmasterol was from Calbiochemicals, Inc., Calif.
USA., and was recrystallized once from 95 % (vlv) ethanol in water. The lipids were dissolved in absolute ethanol and stored at -20' as concentrated ( x 100) stock solutions until needed. The stock solutions were diluted with ethanol to the desired concentration and pipetted directly into the assay tubes. Ethanol was removed in vacuum at ambient temperatures. After the addition of full-strength culture medium the tubes were agitated vigorously by hand to aid in the dispersal of the lipids, capped with stainless-steel closures and sterilized at 121' for 20 min. In some experiments lipids from ethanolic stock solutions were diluted to the desired concentration with water, sterilized by autoclaving and added aseptically to the medium. The ethanol concentration in the final medium never exceeded I yo (v/v) . Assays were started by adding 2 drops of a 7-day culture to each tube. The tubes were incubated in the dark at 27' for periods of a week or more. In certain experiments subcultures of each assay were made weekly. TEM-4T and stigmasterol were dissolved in absolute ethanol as a x IOO concentrated solution and added to the medium before autoclaving. Vitamins were prepared as x IOO concentrated aqueous solutions. Both solutions were stored at -zoo until ready for use.
After the addition of all components, the medium was adjusted to pH 7-0 with 0.1 N-NaOH and sterilized at 121' for 20 min. Concentration 
RESULTS
In the absence of stigmasterol or TEM-4T, growth was decreased to near zero in the first weekly subculture and failed completely in the second (Table 2) . Autoclaving the various components of the medium together or separately did not affect final population densities.
Growth was dependent upon the relative concentrations of stigmasterol and TEM-4T * The basal medium consists of the components given in Table I minus TEM-4T and stigmasterol.
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f Population density after 7 days expressed as % of control.
in the culture medium (Fig. I) . Small quantities of TEM-4T supported growth over a narrow range of stigmasterol concentrations. Increasing the concentration of TEM-4T in the culture medium permitted growth of the organisms over wider ranges of stigrnasterol concentrations. At a given amount of TEM-4T in the medium the growth response was optimal at only certain concentrations of stigmasterol ; at others growth was either suboptimal or failed completely. Figure 2 illustrates the growth response of P. aurelia to fixed ratios of TEM-4T : stigmasterol. Optimal growth was observed when the proportion of TEM-4T: sterol was 10: I. Ratios of TEM-4T: stigmasterol of 2: I or less were inhibitory, although in some experiments small populations were noted at concentrations of stigmasterol of 25, 50 and IOO ,ug./ml.
The growth behaviour of the organisms cultivated in media containing proportions of TEM-4T: stigmasterol ranging from 10 : I (optimum) to 2 : I (inhibitory) was examined (Fig. 3) . The ratios were obtained by maintaining the concentration of TEM-4T in the medium at a constant value (40 ,ug./ml.) and altering the amounts of stigmasterol. The rate of growth and the extent to which the organisms multiplied decreased as the ratio of these substances was decreased. At a ratio of TEM-4T : stigmasterol of 2 : I, an actual decrease in population was observed. The length of the lag period of growth increased as the ratio of TEM-4T : stigmasterol decreased. Inhibition of division brought about by placing the organisms in a medium containing a ratio of TEM-4T : stigmasterol of 2 : I was annulled, even after the organisms had remained under these inhibitory conditions for as long as 6 days, by transferring them to a fresh medium containing TEM-4T and stigmasterol in a ratio of IO:I (Fig. 4) . In these instances no lag period of growth was observed.
Neither TEM-4T nor stigmasterol added singly to the basal medium inhibited division (Fig. 5) . In fact, the population increased significantly in the presence of either TEM-4T or stigmasterol even at concentrations two or three times higher than those indicated in Fig. 5 . In all cases the initial increase in population was followed by a rapid decrease. 'Depleting' the organisms of most of their lipid reserves by maintaining them in a salt solution for 2 or 3 days before use as an inoculum had the effect of diminishing the rate at which the organisms divided and the extent to which they increased in number. These organisms when transferred to media containing a ratio of TEM-4T: stigmasterol of 40 : 20 (pg./ml.) did not divide. The population subsequently decreased steadily. Under these conditions the response of lipid-depleted and lipid-undepleted organisms was the same. Figure 6 illustrates the effect of exposing the organisms to optimal and inhibitory ratios of TEM-4T : stigmasterol under conditions in which they have undergone a period of incubation with one of the lipids before the addition of the other. Organisms incubated with stigmasterol at 4 or 20 ,ug./ml. decreased steadily in population over a period of several days. Addition of an amount of TEM-4T on the third day to bring the ratio of TEM-4T : stigmasterol to 40 : 4 (,ug./ml.) (optimum) resulted in an almost immediate and rapid increase in numbers, and maximum population density was reached in a few days. As expected, adjusting the relative proportions of TEM-4T: stigmasterol to 40: 20 (,ug./ml.) (inhibitory) by the addition of an appropriate quantity of TEM-4T to the culture prevented a significant increase in division. On the other hand, organisms incubated with TEM-4T only underwent one or two divisions, after which death occurred. Under these circumstances, the addition (on the third day) of an amount of stigmasterol calculated to bring about an inhibitory ratio (40 : 20) of TEM-4T:stigmasterol did not inhibit growth. Instead, the organisms divided at a rate and to an extent comparable to that of the control (TEM-4T: stigmasterol ratio = 40 : 4 ,ug./ ml.).
DISCUSSION
In axenic medium TEM-4T and stigmasterol, nutrilites essential for the growth of Paramecium aurelia, inhibited growth when present in the culture medium in proportions of 2: I (TEM-4T:sterol) or less. It seems unlikely that this inhibition can be accounted for on the basis of a toxicity of these two lipids. Relatively large amounts of TEM-4T or stigmasterol added singly to the culture medium did not inhibit growth. In fact, organisms not previously depleted of lipid responded to the addition of these two substances with a marked initial increase in population. It also seems unlikely that growth inhibition was due to toxic effects of material formed as a result of heat sterilization of TEM-4T + stigmasterol in the medium. When these compounds were sterilized separately and added aseptically to the medium in the same relative proportions, inhibition of growth did occur.
These results are not surprising since TEM's are considered to be relatively nontoxic sources of fatty acids, possibly because the fatty acids are in bound form and are released slowly into the medium (Shorb & Lund, 1959) . Some sterols, on the other hand, have been reported to inhibit the growth of some micro-organisms which do not require sterols (Conner, 1959) , but in general sterols are not inhibitory for microorganisms which have a nutritional requirement for these lipids (Buetow & Levedahl, 1964) . Some sterols have been reported to lessen or annul the toxic effects of several growth antagonists (Conner & Nakatani, 1999 , and it has been suggested that they may serve to detoxify media containing fatty acids (Lwoff, 1951) .
Completely inhibited organisms (TEM-4T: sterol ratio = 2 : I) resembled starved organisms in some respects. They behaved as if deprived of an essential nutrilite and did not divide; they became increasingly less motile, decreased steadily in size and after a few days died. Similar changes took place when Paramecium aurelia previously grown under optimal conditions were suddenly placed in a non-nutritive environment, i.e. isotonic salt solution.
Complete arrest of division in the presence of relative proportions of TEM-4T: stigmasterol of 2: I or less took place under the following conditions: (I) when these lipids were added at the same time to the culture medium; (2) when an appropriate quantity of TEM-4T was added to the medium after a period of incubation with stigmasterol alone (Fig. 6) . No inhibition was observed when stigmasterol was added to the medium after a period of incubation with TEM-4T alone. These results suggest that under conditions of lipid imbalance in the medium stigmasterol may interfere with the utilization of TEM-4T.
Oleic acid, which replaces TEM-4T for growth of this strain of Paramecium aurelia in crude axenic medium produces the best growth response when present in the growth medium at certain definite ratios of oleic acid:stigmasterol (Soldo & van Wagtendonk, 1967) . These same lipids in other proportions inhibit growth.
Other workers reported the need for proportioned amounts of lipids for optimum growth. Shorb & Lund (1959) demonstrated that inhibition of growth of Trichomonas caused by linoleic acid (an essential nutrilite for this organism) could be overcome by the addition of adequate amounts of cholesterol to the culture medium. A definite balance of fatty acids and stigmasterol was necessary for the optimal growth of Paramecium multimicronucleatum (Miller & Johnson, 1960) . Kodicek & Worden (I 9.45) observed that inhibition of growth of Lactobacillus helveticus by unsaturated fatty acids could be reversed by the addition of cholesterol and related sterols. The ciliate Tetrahymena corlissi TH-x grew better in the presence of certain combinations of oleic acid and cholesterol than in the presence of either lipid alone (Holz, Wagner & Erwin, 1961) .
As more complex protists are examined for their nutritional needs, it is to be expected that more exacting requirements for lipids will be uncovered. It may be important to test lipids at a variety of concentrations and relative proportions before deciding on their dispensibility or indispensibility. We have seen evidence here that lipid imbalances in the culture medium can result in the inhibition of growth.
